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Flies With Skin Blisters
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Epidermolysis bullosa simplex (EBS) belongs to a family of genetic conditions that
cause the skin to be fragile and to blister easily. Although most of the genes
involved are known, the molecular mechanisms underlying keratin aggregation
remain obscure. In this issue of the Journal, Bohnekamp et al. report on a novel
EBS model that is based on the de novo formation of keratin ﬁlaments in “keratin
null ﬂies.”
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The common fruit ﬂy, Drosophila mel-
anogaster, is a well studied and highly
tractable genetic model organism with a
long track record of important discov-
eries. Decades of genetic screening
have provided ﬂy researchers with an
enormous amount of genetic and geno-
mic information, including a large
collection of mutant alleles and excel-
lent annotation of the genome. Com-
bined with innovative technology for
spatial and temporal manipulation of
gene expression, the Drosophila system
allows the study of cell and develop-
mental biological questions at high
resolution—in a high-throughput man-
ner. Many fundamental biological prop-
erties are conserved between mammals
and Drosophila, and more than two
thirds of human disease–causing genes
are believed to have functional homo-
logs in the ﬂy (Chien et al., 2002). Thus,
it is not surprising that more and more
ﬂy models for human disease are
becoming available in which not only
the involvement of genes can be tested
but also the effect of chemical com-
pounds on their function (Hirabayashi
et al., 2013; Yamamoto et al., 2014).
Although some ﬂy models make use
of the evolutionary conservation of
disease genes, others use ﬂies as a “null
background” for disease genes that
have no ﬂy counterpart. Magin and
colleagues take this latter approach one
step further by co-expressing the human
keratins K5 and K14 in Drosophila
(Bohnekamp et al., 2015). Although
actin ﬁlaments and microtubules exist
in insects, their cytoskeletal sibling—the
intermediate ﬁlament—is thought to be
absent, possibly because the cuticular
exoskeleton provides enough protection
against mechanical stress. Nevertheless,
heterodimers of K4 and K15 are
sufﬁcient to create de novo inter-
mediate ﬁlaments, which morpholo-
gically resemble their mamma-
lian counterparts. Filament formation
depends on phosphorylation, suggest-
ing that the exogenous keratins are
embedded in a regulatory signaling
network. Moreover, anchorage to the
plasma membrane is possible, despite
the absence of desmosomes. Thus,
Drosophila seems to possess all com-
ponents required to accommodate
intermediate ﬁlaments, without causing
disruption of endogenous cellular
processes.
Mutations in K4 and K15 are the
major causes of autosomal-dominant
epidermolysis bullosa simplex. Skin
fragility and blisters are thought to arise
through keratin ﬁlament fragmen-
tation and subsequent weakening of
mechanical stress resistance in basal
keratinocytes. Yet, a number of ques-
tions regarding the pathogenesis
remain unsolved, such as whether
haploinsufﬁciency or dominant-
negative activity of the mutation is
responsible for the disease. Using the
binary UAS-GAL4 expression system in
Drosophila, which allows spatial and
temporal expression control (Brand and
Perrimon, 1993), the authors show that
expressing the EBS mutant K14R125C
together with K5 causes keratin aggre-
gation in cells. As a consequence, there
are toxic effects, leading to compro-
mised animal viability, depending on
the GAL4 driver. “Escapers” into
adulthood even exhibit wing blisters,
similar to the human phenotype.
Although mRNA levels were com-
parable to K14wt, protein levels were
reduced, suggesting elevated turnover
as a pathogenetic mechanism. Co-
expressing two copies of K5 transgenes
along with one copy of K4wt and one
copy K4R125C also caused keratin aggre-
gation and wing blisters. This hints
toward dominant-negative activity of
K4R125C. However, because of the high
expression levels of the transgenes, the
situation cannot be compared with the
human setting in which EBS still could
be caused by insufﬁcient levels of the
wild-type protein.
“Drosophila possesses
all components required
to accommodate
intermediate ﬁlaments,
without causing
disruption of
endogenous cellular
processes.”
Wing blistering was not a result of
cell-autonomous wing epidermal
defects. Instead, the authors elegantly
demonstrate decreased intercellular
adhesion between wing epidermal cells
and the wing heart epithelium in ﬂies
expressing K4R125C/K14wt. Wing hearts
are essential for wing maturation by
maintaining hemolymph ﬂow in and
out of the wings. Thus, disruption of
anchoring between wing heart and
wing epidermis causes a delay in hemo-
lymph clearance and subsequently
inﬂation of the wing. The nature of the
adhesive structure between these cell
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types is unknown. However, it can be
assumed that its function is disturbed by
the presence of keratin aggregates.
Thus, one of the main questions arising
from this work is how this type of
intercellular junction is built up and
whether it involves molecules present in
mammalian desmosomes. One very
good candidate is plectin, which is a
desmosome cytolinker mutated in a
subset of EBS patients (McLean et al.,
1996). The ﬂy ortholog of plectin is
Shortstop, which binds both to actin
ﬁlaments and microtubules. Interestingly,
although the N-terminal actin binding
site is conserved, the mammalian C
terminus binds intermediate ﬁlaments
and not microtubules (Nikolic et al.,
1996). Shortstop is responsible for
tendon stress resistance in Drosophila
by organizing a compact microtubule
network at the muscle–tendon junction
(Subramanian et al., 2003). This is
achieved by Shortstop association with
the cytoplasmic faces of the basal hemi-
adherens junction and with the micro-
tubule plus end components EB1 and
APC1. Thus, it is quite conceivable
that Shortstop is present at the
anchoring sites of exogenous keratin
ﬁlaments to the plasma membrane.
Although K5 and K14 mutations
account for roughly 75% of EBS cases,
plectin mutations have been found to be
associated with about 8% (Bolling et al.,
2014). For the remaining cases, the
causative genes have not been identi-
ﬁed. The Drosophila model could, thus,
be used to identify novel EBS genes. As a
proof-of-principle, it should be deter-
mined whether silencing of Shortstop
impairs K5/K14 ﬁlament formation or
plasma membrane anchoring. This infor-
mation may set the stage for the func-
tional validation of candidate genes
obtained from next-generation sequen-
cing of EBS patients without mutations in
the established EBS genes. To elucidate
regulatory networks of keratin organiza-
tion, more wide-spread genomic res-
ources can also be employed––e.g. the
genome-wide RNAi ﬂy collections (Dietzl
et al., 2007; Ni et al., 2011). In addition,
Drosophila has also been used success-
fully for drug screening (Poidevin et al.,
2015). For any screening approaches, the
wing blister phenotype could represent a
useful and easy readout.
In summary, several reasons support
the usefulness of the Drosophila model
in studying keratin ﬁlament biology. As
with any model organism, there will be
limitations with respect to transferability
to humans and human disease. Yet, the
ﬁndings reported by Bohnekamp et al.
provide a novel and fresh perspective in
intermediate ﬁlament and EBS research.
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